We hypothesised that (i) a summer heat wave would increase the thermal stability of lakes and (ii) the size and trophic state differences would modify the lakes' responses to heating. Within 2 years, 2008 and 2009, we studied the thermal and optical regimes of two adjacent stratified lakes in northern Italy, the oligo-mesotrophic Lake Monate (2.5 km 2 , max. depth 34 m) and the eutrophic Lake Varese (14.8 km 2 , 26 m). After the cold winter 2008-2009, a heat wave starting in May turned the whole year 2009 the second hottest after 2003. The particular sequence of meteorological events resulted in extreme vertical temperature gradients and unusually high thermal stability of both lakes. All calculated thermal parameters showed the highest values in 2009 while also the values for 2008 exceeded considerably those published for these lakes in the past. Due to the large wind exposed surface, wind mixing was supposedly the dominating mechanism of heat transfer in the shallower eutrophic Lake Varese where, due to low water transparency, large amount of solar energy trapped in the upper layers markedly increased the thermal stability. In the deeper and more transparent Lake Monate, the deeper penetrating solar irradiance contributed to better energy dissipation within the water column and smaller interannual differences in thermal stability.
Introduction
The high specific heat content of water makes water bodies a thermally more stable environment compared to most of terrestrial surfaces. This, however, does not mean that water bodies are insensitive to warming or cooling of the climate. Due to higher thermal inertia that dampens short-term fluctuations, trends in water temperatures may become statistically significant earlier than those in air temperature. Temperature changes affect lake ecosystems directly by changing the rates of chemical and biological processes (Brodersen et al., 2007; Montagnes et al., 2008) , but the indirect effects through altered thermal stability and mixing regime are at least as important (Gerten & Adrian, 2002; Peeters et al., 2007; MacIntyre et al., 2009) . Heat added to a lake at the surface layers is transferred downward by vertical mixing resulting from wind action. This heat transfer creates a relatively uniform epilimnion separated by the thermocline from the deeper and rather stagnant hypolimnion. This density/temperature based stratification isolates seasonally the two lake compartments. Transport of dissolved matter across the vertical density gradient of the thermocline is usually small and only settling particle flux is able to carry larger amounts of matter across it (Boehrer & Schultze, 2008) . This isolation may cause nutrient depletion in the epilimnion and anoxia in the hypolimnion while the strength of impact depends on the stability and duration of the stratification. As water column stability derives from vertical density increase, in most lakes global warming strengthens stratification and thermal stability, although opposite examples exist in some tropical lakes where in long-term more heat is trapped in bottom layers than in surface layers (Marshall et al., 2009) .
Changes in thermal properties of lakes can be quantitatively described using standard energy parameters, such as heat content, Schmidt thermal stability (Schmidt, 1928) and Birgean work of wind (Birge, 1916) , calculated from bathymetric curves of lakes and measured temperature profiles. Still, as mentioned by Bowling (1990) , these parameters are seldom calculated and employed as limnological working tools despite of their usefulness for comparing and contrasting the physical backgrounds of various lake environments. In most cases the annual values of these parameters are used and compared with morphometric characteristics of lakes (Gorham, 1964; Barbanti et al., 1996; Ambrosetti & Barbanti, 2002a, b) and more seldom the energetic variables are related with weather-driven seasonal changes (Bowling, 1990; Kjensmo, 1994) .
The importance of optical properties of water and the vertical penetration of visible light in heat transfer within the upper part of the water column has been recurrently demonstrated in ocean studies (Zaneveld et al., 1981; Lewis et al., 1990; Morel & Antoine, 1994) . Increasing water colour of lakes causes more pronounced diel temperature cycles, shallower and colder epilimnia, reduced heat content and mean epilimnetic irradiance (Houser, 2006) . High concentrations of phytoplankton during blooms also absorb and scatter the downwelling irradiance and contribute to heat storage in the upper part of the water column (Arst, 2003; Paerl & Huisman, 2008) .
Comparing the effect of years with different weather patterns and extreme events on lake ecosystems is widely used as an alternative to long term data analysis in climate change impact research. For example, a search on ScienceDirect for ''heat wave 2003'' and ''lakes'' returns 6580 results covering various aspects of the impacts of this particular weather event including those of physical limnology (Jankowski et al., 2006) , development of phytoplankton (Tolotti et al., 2007) and pathogens (Cogo et al., 2004) , effects of fish parasites (Wegner et al., 2008) , etc. Besides the general impact of meteorological events on annual heat and matter balances of lakes, the timing and sequence of these events may be crucial for lake conditions (Straile et al., 2010 Varese, , 2010 . We hypothesised that (i) the 2009 heat wave would increase the thermal stability of both lakes compared to summer 2008 and (ii) the differences in size and trophic state would cause systematic differences in heat distribution within the lakes' water columns. Earlier heat balance and thermal stability calculations for these lakes covering several years from the 1950s to the 1980s (Ambrosetti & Barbanti, 2002a, b) form a good basis for comparing our results.
Site description
The studied lakes Monate and Varese (Table 1) are located in Varese province, Lombardy region, Italy and belong to the Ticino river basin. The lakes are located closely to each other with a distance of 3 km between them that ensures high similarity of the meteorological conditions at the lakes. According to the climatic regions of Italy, the lakes belong to the sub-region of lakes of the Po Valley characterised by a restricted annual range of air temperature and high rainfall (Mennella, 1970) . As measured at the meteorological station of Varese (45°49 0 50 00 N, 08°49 0 00 00 E), the long-term annual mean air temperature for the period 1967-2009 has been 12.5 ± 0.7°C (±standard deviation) with a strong increasing trend of 0.45°C per decade (Provincia di Varese, 2010). According to the same source, the annual amount of precipitation in Varese for the period 1966-2009 was 1540 ± 375 mm.
According to earlier Secchi depth (SD) measurements (OLL, 2004) , Lake Monate was designated to class 1 (minimum SD [ 5 m), and Lake Varese to class 4 (minimum SD from 1 to 1.5 m). A recent model based on SD and lake morphometry showed that in Lake Monate the euphotic zone was expected to extend always below the thermocline while in Lake Varese only when the SD exceeded 5 m.
Materials and methods
Sampling was carried out at the deepest points of the lakes in the years 2008 and 2009 weekly from April to October and fortnightly or monthly for the rest of the time yielding a total of 74 measurement series for both lakes. We measured water temperature with a Hydrolab DS5X probe. SD was measured on each sampling occasion and the profiles of scalar irradiance in the PAR region (q 0,PAR (z), lE m -2 s -1 ) were registered using a spherical Li-Cor dual-PAR sensor with a surface light reference. We used the surface reference light intensity for correcting the light profiles for cloud variability. The vertical light attenuation coefficient (K d, PAR ) was calculated from the q 0,PAR profiles as
where z1 and z2 are two consecutive measurement depths downwards in the vertical profile. As the uppermost light measurement was often noisy because of waves, we recalculated the surface value from the 1-m depth reading by applying the average vertical light attenuation coefficient (K d, PAR ) calculated for 1-3 m layer. The euphotic depth was defined as the depth at which the level of PAR irradiance drops to 1% of its sub-surface value (Arst, 2003) :
We read the z 1% value directly from the logarithmic PAR versus depth graph where the subsurface PAR was taken for 100%.
In order to assess the contribution of pure water and chlorophyll a (C chl ) to the light attenuation within the euphotic layer, we used the concept of euphotic holding capacity (EHC c , Nõges, 2000) based on the amount of pure water or a substance that could be (Kirk, 1994) , was used as an approximation to evaluate the light attenuation by pure water. Putting this value into Eq. 2, we get the euphotic holding capacity (euphotic depth) for pure water equal to:
The contribution of water to light attenuation within the euphotic layer of our study lakes was calculated as the percentage ratio of the actual euphotic depth and EHC W :
The light attenuation by chlorophyll was calculated according to Beer's law:
where K Ã Chl , the specific attenuation coefficient for chlorophyll a within the PAR region was taken equal to 0.02 m 2 mg -1 (Sakamoto & Hogetsu, 1963) , and C Chl is the average chlorophyll a concentration within the euphotic layer. The maximum euphotic holding capacity for chlorophyll was calculated as:
The contribution of chlorophyll to light attenuation was calculated as: . Single missing values were filled by interpolation. The distance of the meteorological data sources was about 2 km from Lake Monate and about 7 km from Lake Varese.
We used Surfer 9 (Golden Software Inc.) to visualise temperature and light distributions in lakes. Gridding of data was done by kriging method. To compare the distributions between years and lakes, we created grid files with matching grid point distributions and subtracted one from the other. As the lakes differed by depth, only the upper 24-m layer of Lake Monate was compared with Lake Varese. Heat content (H t ), volume-weighted mean temperature (T), Schmidt thermal stability (S) and Birgean wind work (B) values were computed by 1-m layers in an Excel worksheet using the following algorithms [see Eqs. 8 (Wetzel & Likens, 2000) , 9 (Bowling, 1990 ), 10 (Schmidt, 1928 , 11 (Birge, 1916) ]:
where H t , heat content of the lake water in calories expressed on a unit area basis; A 0 , lake surface area, cm 2 ; A z , lake area at depth z, cm 2 ; z, depth reckoned positive downwards from the lake surface (z 0 ) to the maximum depth (z m ), cm; V, lake volume, cm 3 ; t z , average temperature in°C of a unit layer of water of thickness h z (in cm) with the midpoint at depth z; q z , water density at depth z. The initial density was assumed to be 1.0000 g ml -1 (pure water at 4.0°C). Temperature dependence of water density was calculated by the equation given by McCutcheon et al. (1993) omitting the dependence on salinity given the low ionic content of the lakes:
z g , the depth of the centre of the volume moment given by [see Eq. 13 (Schmidt, 1928) ]
We modified the original integral equations to simple sums as we used values for discrete 100-cm layers and not a continuous function over the depth. All calculations were done in calories and centimetres. Heat content was converted into MJ m -2 (cal cm -2 9 0.0419), stability and wind work data into J m -2 (g cm cm -2 9 0.9807). We used the descriptive statistics, linear regression analysis, and the Student's t test packages offered by STATISTICA 8.0 (StatSoft, Inc. 1984 for calculating the general statistics (average, standard deviation, minimum, maximum), making regressions, and testing the significance of differences between mean values, respectively.
Results

Meteorological conditions of the years studied
The total solar irradiance was 4246 MJ m -2 in 2008 and 4493 MJ m -2 in 2009. Statistically significant (P \ 0.05) differences between the years exceeding 100 MJ m -2 month -1 were observed in the warming phase in May and June (Fig. 1) .
Air temperature followed the solar irradiance cycle with about 1 month lag (Fig. 2) Varese, , 2010 . In 2009, January and February were colder than in 2008 while the period from April to November was significantly warmer ( Fig. 3f ; P \ 0.01 for both differences).
In both years April and May were the windiest months with the mean monthly wind speed exceeding 1.5 m s -1 . The whole period from February to October was windier (P \ 0.01) in 2009 compared to 2008 (Fig. 3g) .
Thermal characteristics and stratification of the lakes Both lakes were fully mixed in winter (Fig. 3a, b) with isothermal conditions lasting from four to six degrees. Water temperature dynamics followed the solar irradiance cycle with a lag of about 2 months (Fig. 2) . During the homothermal cooling phase in January and February, Lake Monate remained warmer (Lake Varese reached 0.5-1.5°C lower temperatures) while both lakes reached an equal temperature during the initial warming phase in mid March (Fig. 3c) . By the end of March, Lake Monate remained cooler than Lake Varese and this 0.5-1.5°C difference could be followed in the whole water column until the lakes stratified, and further was preserved in the hypolimnion. No systematic difference could be observed between the surface temperatures of the two lakes during stratification while the metalimnion of Lake Monate became up to 8°C warmer compared to that in Lake Varese (Figs. 3c,  4) . Despite large differences in metalimnion temperature, the seasonal development and location of the thermocline was rather similar in both lakes (Fig. 5) . until being rapidly eroded in October-November. There were no significant differences in the duration of stratification either between the lakes or between the years. As the main difference, the temperature gradient reached higher values ([3°C m -1 ) in Lake Monate and the zone of the [1°C m -1 gradient was narrower showing a steeper stratification than in Lake Varese. In several occasions, a temperature change of 1-2°C m -1 started in Lake Varese immediately from the surface and there was no classical epilimnion formed in the sense of a homogenously warm layer.
Different meteorological conditions between the study years were reflected similarly in the temperatures of both lakes. Due to colder winter in 2009 (by 128 degree days for the period January-March), the lakes cooled down to a 1-1.5°C (max. 3°C) lower temperature compared to 2008 (Fig. 3d, e) and this signal of the cold winter was preserved in the hypolimnia until the end of the year (in Lake Varese where the thickness of the hypolimnion was smaller, the difference disappeared by the end of November when the eroding thermocline started affecting the bottom temperature.) Fig. 2 Seasonal dynamics of incident solar irradiance (Q), air temperature, and volume-weighted lake water temperatures during the study years, all smoothed with a 9-day moving average Fig. 3 Thermal regime of the lakes studied. The graphs are grouped in a way to enable best comparison: the measured temperature profiles for both lakes over both years are located in the upper left corner (a, b), the graph below them (c) shows the profile of inter-lake differences, and the graphs to the right (d, e)-the profiles of inter-annual differences in single lakes. The graphs f, g show the inter-annual differences in the forcing factors-the air temperature and wind speed-and enable a direct comparison with the lake responses in graphs d, e. In the profile of differences between the lakes (c), the temperature values for each depth and time combination in Lake Varese were subtracted from the corresponding values in Lake Monate. The colour scale of this comparison ranges from blue, showing when, where, and how much L. Varese was warmer, to red, showing when, where, and how much L. Monate was warmer. In white areas the temperature differences are close to zero. The profiles of annual differences (d, e) follow the same logic
In the warmer summer and autumn of 2009 (by 298 degree days for the period April-November), the epi-and metalimnia of the lakes warmed up to 2-3°C (max. 6°C) higher temperature compared to 2008. In the shallower Lake Varese both the winter and summer temperature differences were slightly larger than in Lake Monate. Also the volume-weighted average temperature reached higher values in the shallower lake (Fig. 6) .
Despite lower volume-weighted temperatures in Lake Monate, its maximum areal heat content was 1.4-1.5 times bigger than in Lake Varese (Table 2 ; Fig. 6 ).
Birgean wind work had rather similar values in both lakes but reflected in Lake Varese most strongly the interannual differences being about 20% higher in the hot summer of 2009. Smith stability of Lake Monate was more than double of that of Lake Varese but, similarly to heat content and volume-weighted temperature, showed only slightly (*10%) higher values in 2009 compared to 2008.
Underwater light climate of the lakes
The average chlorophyll concentration in the euphotic layer was more than three times higher in Lake Varese compared to Lake Monate (Table 3) , however, the total amount of chlorophyll within the euphotic zone of the lakes was much more similar. (Fig. 7a, b) . The diffuse light attenuation coefficient (K d,PAR ) and related to it variables (z 1% , W%, SD) differed by a factor of two between the lakes.
In winter, SD exceeded 7 m in both lakes but became very different in summer declining to less than 3 m (minimum 0.5 m) in the eutrophic Lake Varese and increasing occasionally to more than 9 m in the oligo-mesotrophic Lake Monate.
The relative light intensity at the SD (q% at SD) was the only optical variable, which had no significant differences between the lakes. During most of the year, the PAR difference within the upper 10 m between the lakes equalled at least 10% of the surface PAR and reached even 50% in the 2-3 m layer for some short periods (Fig. 7c ).
There were no significant interannual differences in the analyzed optical characteristics in Lake Monate. In Lake Varese, the annual mean K d,PAR decreased significantly (P \ 0.01) from 0.75 ± 0.22 (± standard deviation) in 2008 to 0.64 ± 0.13 in 2009 resulting in a thicker euphotic layer (z 1% ) in 2009 and a higher relative role of pure water in light attenuation (W%). The decrease in the annual mean C Chl (from 17 to 13 mg m -3 ) was marginally significant (P = 0.051).
The mean chlorophyll concentration within the euphotic layer explained a larger proportion of the seasonal variation in SD and euphotic depth than the total chlorophyll content within the euphotic layer (Table 4) . Chlorophyll was a stronger determinant of the light attenuation in Lake Varese than in Lake Monate. SD and euphotic depth were strongly correlated, especially if data from both lakes was analyzed together.
Discussion
Factors determining the thermal characteristics of lakes can be divided into passive and active components like it was done by Ambrosetti & Barbanti (2002a, b) . In a simple approach, the geographic location and morphometry can be considered the passive components and the meteorological factors the active component. Often, however, it is a combination of those two to affect a lake as the shape of a basin and surrounding terrain modify wind 1956, 1957, 1962-1967, 1969, 1978, 1979, 1986, 1987 patterns (Wüest & Lorke, 2003; Toffolon & Rizzi, 2009) , and large lakes create even a regional microclimate with specific temperature and precipitation regimes (Daly, 2006) . The type and trophic status of lakes that affects heat distribution by modifying optical properties of water, has an intermediate position between active and passive components. Generally higher concentrations of optically active substances observed in dystrophic, eutrophic, and polymictic lakes can be considered a passive lake-specific component while the development of clear water periods or phytoplankton blooms is a highly variable component often determined by local weather conditions. Due to high specific heat content of water, deep lakes exhibit only a small interannual variability of volume-weighted temperature and heat content being rather insensitive to short term weather changes. In Greifensee (8 km 2 , mean depth 18 m, maximum depth 32 m), a Swiss lake comparable by size to Lake Varese, the long-term standard deviation of mean summer temperatures in epi-and metalimnion was only 0.54°C (Jankowski et al., 2006) . Hence, the 2-3°C (max. 6°C) higher temperature in the epi-and metalimnia observed in our study lakes in 2009 compared to 2008 could supposedly equal to a fourto fivefold standard deviation and thus be considered a large difference. The high temperatures in the upper layers in 2009 coupled with low temperatures in the hypolimnion resulted in extreme vertical temperature gradients, and unusually high thermal stability in the water column. In strongly stratified lakes, this increased stability effectively shields the hypolimnion from the effects of the increasing air temperature and the hypolimnion temperature will be primarily determined by the conditions pertaining to the previous turnover (Arvola et al., 2010) . The increased thermal stability in warm summers can result in an even lower hypolimnetic temperature (Livingstone & Lotter, 1998; Tanentzap et al., 2008) . In fact, both study years were much hotter than average. This is illustrated also by the substantially higher water temperature and stability values compared with earlier published data ( Table 2 ). The warmer water in 2008 and 2009 (by 3.1 to 3.6°C, respectively; volume-weighted annual means) in Lake Monate compared with the previous results descending from years 1956 -1987 (Ambrosetti & Barbanti, 2002a correspond to 30-41% more Birgean work and 59-73% higher Schmidt stability during our study. For lake Varese where the temperature differences between 2008-2009 and the published data were smaller, 0.8 and 2.7°C (note that the published data for the two lakes belong to different periods), the corresponding change in Birgean work was the biggest (106-144%) and in Schmidt stability the smallest (17-29%).
The importance of timing and temporal sequence of meteorological events for the stratification stability of lakes is often overlooked but was well exemplified in our study. The signal of the cooler winter months was preserved in hypolimnion amplifying the temperature gradient created by the hot summer in the epi-and metalimnion. A different seasonal heat distribution (e.g., mild winter and cool summer) would have resulted in a totally different stratification pattern and thermal regime of lakes even at equal annual heat inputs. As shown by Gerten & Adrian (2001 , hypolimnia of shallow lakes tend to become colder in years with warm weather as a consequence of earlier stratification at low lake temperatures. However, if warming occurs in winter, a gradual increase in hypolimnetic temperature in deeper lakes may result from heat carry-over in the hypolimnion from one year to the next (Peeters et al., 2002) . Straile et al. (2010) demonstrated the importance of particular sequences of years for the hydrodynamics of the deep Lake Constance, where the signal of the cold winter 2005/2006 preserved in the hypolimnion even during the next, extremely warm winter with incomplete mixing. Although the 'memory' was shorter in our case, it showed that also in shallower lakes, the sequence of meteorological events may have a strong after-effect.
Because of the high importance of the onset of stratification, the wind conditions in spring are crucial for the whole annual thermal regime of a lake. Often a couple of calm days with intense heating would be enough to stop the full mixing of the water column. A short wind event, however, can break the weak stratification as it could be observed in both our study lakes in April 2009. Lakes exhibit no apparent time lag in their temperature response to wind forcing. Ford & Stefan (1980) demonstrated that for a daily time scale, peaks in wind speed coincided exactly with minima in lake surface temperatures and maxima in mixed layer depth. In different years, the length of the stratified period may vary by several weeks or even months with strong implications to the chemical and biological regime of lakes.
Our two study lakes had a 30% difference by depth, but as the smaller Lake Monate was also the deeper one, the relative depth differed already by a factor more than three. As described by several authors (Kjensmo, 1994; Ambrosetti & Barbanti, 2002b) , for deep lakes, the annual maxima of Smith stability markedly exceed those of Birgean work, while for the shallow lakes B is generally higher than S. In that sense, Lake Monate behaved like a deep lake and Lake Varese as a shallow lake. Ambrosetti & Barbanti (2002b) found also a higher interannual variation of B compared to that of S in deep lakes while the opposite was true in shallow lakes. In our study, the Birgean work was interannually the most variable among all thermal characteristics and showed large differences in the shallower Lake Varese. In Lake Monate neither B nor S had significant interannual differences. As Birgean work can be defined as the amount of external energy needed to produce a certain observed density distribution beginning from a certain minimum heat content (Kjensmo, 1994) , Ambrosetti & Barbanti (2002b) explained its larger variability in deep lakes with their earlier stratification due to which the surface layers are strongly affected by meteorological conditions until the moment of maximum stratification, and therefore this active component has a more important role than morphometry (the passive component). As their study was based on multiannual data from 31 Italian lakes of different morphometric characteristics, it has a high generalisation power and the opposite situation found in our study is rather an exception.
We suggest that the observed differences in the stratification development and stability parameters in our study lakes were caused predominantly by the differences in the relative depth of the lakes but modified by bigger wind exposure and higher trophic state of Lake Varese compared to those in Lake Monate. Because of smaller depth and more intense convective heat transfer due to more wind exposed surface, Lake Varese cooled down and warmed up faster compared to Lake Monate. The smoother temperature gradient in Lake Varese expressed in the wider vertical extent of the metalimnion (Figs. 4 , 5) evidenced a stronger turbulent mixing in the metalimnion of this lake compared to Lake Monate where a rather homogenous epilimnion was followed by a sharp termocline. Considering the large wind exposed surface of Lake Varese enabling a wind fetch of about 8 km (against 2.9 km in Lake Monate) a stronger activity of internal waves can be expected in this lake that can partly explain the difference in measured temperature profiles.
As emphasised by Kjensmo (1994) for Birgean work it does not matter of how the energy enters the lake. In some lakes the water through-flow may be highly important for producing a certain density distribution, in other lakes the deeply penetrating solar irradiance may strongly contribute to the energy expressed by B. Because of the exponential attenuation of light, most of the solar irradiance is absorbed and converted to heat in the upper metres of water. With increasing lake depth, the solar heating becomes increasingly a surface phenomenon. High concentrations of optically active substances that increase the light absorption in the surface layers literally mimic the increase of lake depth. Increasing concentrations of coloured dissolved organic matter have shown to cause even cooling of lakes on the background of warming climate (Tanentzap et al., 2008) .
The EHC Chl value of 230 mg m -2 applied by us as a criterion for assessing the role of phytoplankton in light attenuation, fitted well into the range of the euphotic chlorophyll contents 179-325 mg m -2 found by Talling et al. (1973) in Ethiopian soda lakes, the most productive water bodies in the World. Nearly the same range (*200-300 mg m -2 ) has been expected for euphotic chlorophyll on theoretical grounds by Steemann-Nielsen (1962) . The euphotic chlorophyll content, exceeding occasionally 200 mg m -2 in Lake Varese, left not much space for other optically active substances and affirmed the predominant role of phytoplankton in modifying the underwater light climate in this lake. The replacement of commonly occurring cyanobacterial blooms (Giovannardi et al., 1999 ) by a dinoflagellate dominance in 2009 described by Nõges et al. (in press) was supposedly the reason for the decreased C Chl and K d,PAR that, together with the higher windiness of the year, contributed to deeper warming of the lake and increased Birgean work.
According to our estimate, phytoplankton had a smaller relative role in light attenuation in Lake Monate where, due to much higher transparency, even the attenuation by pure water reached a notable level. As described by Nõges et al. (in press ), major interannual changes in phytoplankton biovolume and C Chl in Lake Monate took place in the metalimnion not affecting strongly the optical and thermal variables analyzed in this paper.
Conclusions
1. Based on the air temperature record, both study years, 2008 and 2009, were much hotter than average. However, the particular sequence of meteorological events-the cool winter followed by a hot summer in 2009, resulted in extreme vertical temperature gradients and unusually high thermal stability in this year in the water columns of both lakes. 2. Due to large wind exposed surface, wind mixing was supposedly the dominating mechanism of heat transfer in the shallower Lake Varese where the penetration of solar irradiance to deeper layer was hampered by low water transparency caused by abundant phytoplankton. Strong dependence of the vertical density distribution on wind and phytoplankton development caused large year-toyear variations in the Birgean work in this lake. Large amount of heat trapped in the top layers created an energy gap between epi-and hypolimnion increasing the resemblance to deeper lakes. 3. In the deeper and more transparent Lake Monate, the penetration of solar irradiance to the metalimnion contributed considerably to the vertical energy transfer and gave the lake some features typical to shallower lakes where the heat is stored in a larger proportion of the water column, reducing the work required for mixing it.
